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Summarv 

()i SI N, A. M. ( 19^7 ) An iiiicnsivo monitoring study nf two woil.nuls of ilio Ri\L‘r Murruy in Soiiih Anstralin: 
physifo-vhcmital paiamctn^ anil cy{iiu>hiiclt’ri:i c«int:enlrali«)|is. Trwi\. h\ Sftr. S. 121(4). 147-1.55. 2X 
NovcmKT. b)97. 

(^iiariiiiive dau woiv collecicd on pliysico-chcmical cliaiaciL*ristio> of Mirtuco water tomperauiros, pll. 
Uiibidiiy. conductiviry. dissolved ammonia, clis.solvcd rcaciivc nitrate and total fihospfjale of Hanroek ami i.oeh 
l.nna wetlands from 4-fi samplings in each vveilaiid iwer a 20-im>nth inicnsive monititring study. Cnncenirtiii4)ns 
of the various physico-chemical parameters were within the ranges found in similai freshwulei Uivei Murray 
wet I a nils. 

Weather faeUfrs. such as strong winds, heavy lain runotf and lightning, produced periuhations m turbidity, 
eoiiductiv ity. dissolved reactive nitrate and lolal phosphate levels in the two W'elhinds. 

Isiulrient ctmcentratioris in excess of 0..^b ingl ' loial phosphate and 4.0 ingl dissolved reactive nilratc vvilh 
iiMiig water lempcraluies were related to rapid cell multiplication of the eyanobacicria Atiahuttw s|ip. I hree 
Afmhiwna spp were prcdommarit itt the tW'o wetlands atid reached their greatest nmnhei*s (23,700 cells ml ') m 
J.tich Liin.i from (ale December UW to mid - Jamiury 1905. 

Kt:v Wmkh.s: Wcllaitds. River Murray, moniinring physico-chemical parameters, cyanobaelcria. South Australia. 



Iiitroiluction 

In 100(1 the Murray Darling Basin Commission 
through its Naltital Kesoiircvs Managcinciil .Slralcgy 
(NRMS) rundeiJ a prclimintuy siucly of the water 
chcmi.sity and at|ualiv inverlcbtalcs anti land 
vcM'ichralOK of 10 wollands of the River Murray 
noodplams in Soulh Australia (Cioonaii ct al. 1002). 
The survey was eondueled during May « June 1000. 
Between May 1000 and February 1002. a second 
ituire detailed physieo-ehemieal and biological 
survey i>f eight alkaline freshwater wetlands was 
carried oul on the above - mentionerl Hoodplain.s. 
Five of the eight wet hinds were located between 
Clover Lake (Calpenim area) and the Berri 
Lvaporalitm Basin and the remaining three were 
belween Ramco Lagoon (Waikerie) an»i I .ake Carlei 
(0 Km upstream tif Maiinuin) (Fig. I ). These results 
weie repin lcd by Sulci vi ul. ( 100.3). 

Banroek Station floodplain (Seel ion 662, 6tSI anil 
6X2 • Hundred of Moorook) and associated wetland 
lie III aboul ihe middle of ihe 100 km (approx.) 
sfreieh td Ihe river between Ihe live upper and three 
lower wetlands studied t>y S Liter ci ul. ( 190.3). 

Flow rcgidalion of the River Murray al Lock .3 in 
1025 helped ereaie two permanent Ireshw'ater 
wethimls in the region, one located in the floodplain 
of Banroek Station (34'-’ OS' S, 140" 20' \l) and the 
other ill the Loch Lima VV'clIund Complex (34' 12' S. 



140 ' 22' E) opposite Banroek Station and aboul one 
km upstream of Lock .3 weir (y\NC’A 1006) Banroek 
Suilion wetland has a 00 to 130 ha area de(ieiiding on 
water deplh (20 cm - LI m) and was crealed in the 
|050s by damming the upper section of Banroek 
Creek. The wetland behind the dam wall is gravity 
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Fig. 1 , LrtCiilion imip of weilaiKls studied River Murray, SA. 
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fed by a channel from Lock 3 Pool. Water levels arc 
mainiaineci by controls at the inlet and outlet points 
and discharges flow into Lock 2 Pool. European carp 
control structures were erected at (he inlet in 1994. 

The stiuly described below was undertaken to 
determine the cyclical changes in the physico- 
chemical characteristics of the waters of the two 
wetlands and their innuence on the rise and decline 
of those cyanobacterial species likely to produce 
toxic outbreaks. In the summer of 1991-2 there had 
been visible blue green algal blooms in both 
wetlands. 

Materials and Methods 

SiHupUn^ 

This monitoring study of the two wetlands ol‘ the 
River Murray began in November 1994 and ended in 



June 1996. For 19 months water from only the River 
Murray catchment and upstream storages tlowcd 
through Lock 3 Pool. The Darling River did not How 
because of the four-year drought in its drainage 
basin. Mixed River Murray - Darling River water 
flowed into Lock 3 Pool in June 1996 as a result of 
floods in the Darling River. 

In each wetland, five sites w'eie selected for water 
sampling for reasons of accessibility and 
representativeness and for sampling any increase in 
cyaiiobaelerial concentrations irrespective of wind 
direction (Fig. 2). All water samples and temperature 
readings w'cre taken in the morning and as near as 
possible to the same time at each visit. Wherever 
possible. Loch Luna was sampled first followed by 
Banrock wetland within 2 h. Colleclitms of water 
samples were made weekly from October to December, 
fortnightly from Januai 7 to March and monthly from 




Fig. 2. Banrock and Loch Luna wetlands showing sampling sites. Note direction of How. 
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T\iii f* 1. Nuuthers (tf cells of Aiuibacna s/fp. luui 
cofircmratioiis of dissolved reodive nitrate and tnfid 
phosphate - Loch Lima 19^)4-96, 



Dale 


Cells 
(nigl 0 


DF< Nit rale 
(ingl ' ) 


Total phosphate 
(mgl ') 


Nov 3. l9bT 


-V 


0 


0.16 


Nov 8 


0 


0 


0.13 


Nov 15 


0 


0 


0.17 


Nov 22 


5b 


0.44 


0.20 


Nov 29 


41 


Tr. 


0.25 


))ec 6 


434 


0.44 


0.13 


Dee 1 3 


1.230 


0 


0.27 


Dee 20 


5.590 


0.44 


0.47 


Dec 27 


23,700 


2,20 


O.lb 


Jan L 1995 


10,600 


Tr. 


0.4b 


Jan 17 


14,500 


b.l 


0.19 


Jan 3 1 


1,050 


0.44 


0.45 


Feb 14 


3,5b() 


Tr. 


0.07 


Vcb 28 


97 


3.52 


0.10 


Miu N 


437 


0.88 


0 


Mar 28 


172 


2.20 


0.23 


Apr 1 8 


425 


2.20 


0.3b 


May lb 


909 


0 


0.25 


June 13 


100 


1.32 


0.17 


July 18 


1 1 


0 


0.17 


Ang lb 


s 


3.52 


0.19 


Sepl 5 


0 


0 


0.30 


Sepl 19 


2 


Tr. 


0.07 


Oct 3 


0 


Tr. 


0.53 


OCI 10 


8 


0 


0.47 


Oel 17 


b 


0 


0.43 


Oct 24 


12 


0 


0.95 


Oel 3 1 


1 1 


0.44 


0.04 


Nov 7 


24 


0 


0.20 


Nov 14 


b 


4.4 


0.21 


Nov 21 


450 


0 


0.17 


Nov 28 


U83 


0 


0,23 


Dee 5 


1.220 


7.48 


(L30 


Dee 12 


1.150 


Tr. 


0.40 


Dee 19 


1 15 


Tr. 


0.07 


Dee 2b 


1 ,270 


2.2 


0.20 


Jan 9, 1 99b 


997 


b.b 


0.20 


Jan 23 


3,190 


4.4 


0.17 


beh b 


2,530 


0 


0.08 


Feb 20 


368 


T\\ 


0.25 


Mar 5 


63 


eontaminaied 


eontaminaied 


Mar 19 


444 


0 


0.23 


Apr 14 


57 


0 


0.12 


May 14 


0 


0 


0.41 


Juti 9 


0 


0 


0.0b 
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Tablh 2. Numbers of cells of Anabaena spp. and 
concetHrations of dissolved reactive nitrate and total 
phosphate - Banrock I994-I99(h 



Dale 


Cells 
(mgl ') 


DRNiiraie 
(mgl ') 


Total pho.sphati 
{mgl ') 


Nov 3. 1994 


14 


0 


0.20 


Nov 8 


f) 


0.44 


0.17 


Nov 15 


+ 


0.44 


0.27 


Nov 22 


0 


0 


0..30 


Nov 29 


1.460 


Ir. 


0.27 


Dec b 


2,480 


3.5 


0.41 


Dec 13 


1 .560 


IV. 


O.bO 


Dec 20 


.303 


Ti. 


0.70 


Dec 27 


125 


0 


0.23 


Jan 3, 1995 


96 


Ti. 


0.15 


Jan 17 


245 


4.0 


0.33 


Jan 31 


146 


2.2 


0.21 


Feb 14 


373 


0 


0.12 


Feb 28 


311 


7.9 


0.06 


Mar 14 


883 


0.88 


Tr. 


Mar 28 


5 


0 


0.33 


Apr IS 


123 


0 


0.27 


May lb 


189 


Tr. 


0.33 


June 13 




•wet] and drained 




July 18 


50 


0 


0.20 


Aug lb 


0 


0 


0.24 


Sept 5 


4 


0 


0.40 


Sept 19 


4 


Tr. 


0.25 


(Jcl 3 


0 


0 


0.28 


Oct 10 


0 


0 


0..39 


Oct 17 


14 


0 


(L.35 


Oct 24 


0 


0 


0.23 


Oct 31 


1 1 


4.4 


0.27 


Nov 7 


24 


•|’r. 


0.2b 


Nov 14 


27 


0 


0..30 


Nov 2 1 


22.5 


0 


0,16 


Nov 28 


626 


3.52 


0.30 


Dee 5 


461 


JJ-. 


0.30 


Dee 12 


455 


0 


0..36 


Dee 19 


135 


Tr. 


0.43 


Dee 2b 


3()4 


Ir. 


0.18 


Jan 9, 199b 


2,.3()0 


4.4 


0.21 


Jan 23 


1,040 


1.32 


0.18 


Feh b 


2,170 


0 


0.02 


Feb 20 


240 


0 


0.41 


Mar 5 


71 


0 


O.bO 


Mar 19 


328 


0 


0.40 


Apr 14 


28 


0 


0.12 


May 14 


0 


0 


0.33 


Jun 9 


0 


0 


0.24 
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April lo Seplcmbcron Ihc dales ^ivcii iii Tuhles I and 

2 

Al each silt' ( 1 * 1 ^:. 2 ) a unc-liliv surface waier 
sample was taken and bulked in a five lure plaslie 
bollle villi samples lukeu li‘»m the oilier 1 ‘»iir sites 
Aliijuols of the bulked , sample svere Iruiislciied in 
ail Iree 300 ml pnlycurbunale plasiie scrcwhjp 
bolllcs lor subset(ueiil phvsie<»-ehenueal analyses ai 
Ibo Scienee Soelion, Cdossop Hieh School The onc- 
lilrc walcr siimplcs lor eoiiuiinjj eyaiiohaeieria were 
iiunsfcrred lo I 25 I plasiic serewtop hollies leavmii 
a 250 ml lieadspaee. 'Hie samples were kept i lulled 
imiii delivery fo ibe Ausiraliau Ceiiirc lot Wain 
Quahly Rt'^eaieh. Oulivar SA l‘'i eiuuueruiion of 
cvanohaLitria cells (I IMSO 1000 ). The special 1 .25 I 
plaslic h(Ulles h»r the water samples were supplied 
from die Wain Qualiiy l.ahoiaUiry. 

A Ihvuilug 'Der (fnme Pimki” No 742 S, blue 
alcohol column iheniiouieler was used lo record the 
sin lace waiei temperalures ai each .site A mean 
Mil l ace vvaier leniperuuire was iheii eak iilaied lor 
each Welland. A plaslic bodied miiiiimmi - muxuruim 
Ihcinioiuelei. ( -30 450 t') wnih pressure Jidjiisl mem 

lor indicaiors on llie mereiiry column W^as used lo 
rccuul mini mum and maximum w aler lemperalurcs 
biMween times ol cnnsceulive .sampling’ visits. It was 
siis|K’nde-il 1 5 i_ui bidovv die siiHace. 

llicTC was no 15 .liuie 1003 a»lleclir»n ili the 
Ihmmck wetland because Ihi.s vvelland was ilraincd 
loi mauneuauee work on die irriiialion pumps used 
l(vr luehlaud vineyard im'^alion. The Loth Lima 5 
Vlarch loot) sample was discarded hceause ol 
Mispeeled eonUiuiiuafioU. 

f 'hiinicaf umtlyMw 

Water samples were held al 4’ C until leqidred and 
III iiiosl inslalices were analysed wifidn 4S h. 
Mtasuicnicnls ol lurbiddy. dissolved ammonia, 
iliKsolserl leaelive niirute and loUl phospliale W'cre 
made usin^ a HAC'll DR Id 73 inslruniem and 
premised rea^-’ciii.s (Hach 10X4). hor Jissvdved 
ammonia each sample was Ulleivd ihiou^di a Double 
Klil^s 20 1 lilior paper lo remove suspended solids A 
25 ml aliquol w as ineasuied iulo a clean sauipic 
cell and I nil ol Ncsslcr icagenl added (Uaeh 1002), 
4 lie misiLire was Id'l lor colour Lo develop In Ihi.s 
ea.se the blank was dislillcd waier (25 ml) w iih I ml 
ol Nosslei leaj^eul ineludcd MeasiiremeniH wen? 
made al 425 urn and recorded as mgl ' afler applyin)i 
a toiiversioii factor of niuliiplic.uhou by 1.20 (llacli 
10^21. 

I or dis.soivcd reaelive tiilrale iDRN) each sample 
was lihered through a l iouhle Kings 201 paper |o 
lemove day panicles. A 25 ml alit|uol was mea.sured 



I llU'll v'e ( I»l<*i,iije f '.'c\ 



ilUil a clean glass sample cell ami die conienls ol om* 
foil satbcl ol preiviixed Nilravcr 5 rcageui added. 
This mixture was rapidly agitated for one minute 
then lell lor five miiiuies foi colour to develop. 
Another filtered 2.5 ml sample w^as used as a blank. 
MeasurCiueiils wore luutlo at 500 iim and recordeil as 
mg I ' after applylnp a eonvcision raelor <*j 
mullipliciition by 4.4 (Hath 1002). 

f'or lolal phosphate (4P) a digestive process was 
Used (ii omvon all fornis of phosphate lo ihc soluhlr 
oithoplio.spliale form (Hath 0^02). hfl) ml ol the 
sample were tneasiircLl into a dean 125 ml 
r.ilenmeyei Oa.sk along with 4 ml .5.23 N H ,S< ). and 
two foil .sachels of K^S .O. (Hacli 1002) The mi.Miiie 
svas healed in a hoiliug wuler bath for 30 miiiures. 
allowed to cool U> room teirifieralurc and Iheu 4 ml 3 N 
NaOH were added, T he sample was splli into two 25 
ml poriions in dean glass sample cells. One lod 
sachel of premised T4iosver .5 reagtMii wjis addetl to 
one eonlaincr and the coloiii alUwved to dcveh>p. I he 
oilier was used as a blank for speclromdrie analysis. 
Measurenieiiis were taken al /(.)0 nm and ivcoiiled ,is 
mgM alfcr applying a eonvcision faetor (divisjuo by 
.*i). Ihese DRN and TP resulis complement data 
eollcclctl lot cigbl SA wellanvls by Sulei c/ u/ 
(lOO.H. 

pH was incaMircil using a Hanna III X424C pH 
meter, The probe wa.N rinsed in disiillcd waiei 
bclw^een each lest anti lefi in the sauijile until iho 
highest stable reading was reathccl. 

Tor inrhulify measuremenis. each sample was 
agiuiied vigomu.sly and a 23 ml aliquin was added to 
a elean glass sample cell and placed in the L>RF.l./5 
speclropholoiiielei. Measuieiueiils W'Cre made al 450 
iim anti recorded as Nephelometric lurbulijy (.NT) 
unil^. A blank ol di.slilled wuler was used to /ero the 
insirumcni. 

Conductivity measurements were made Using a 
LIVI I I. 200 conduclivily melcr talihruled to |4L^ 
Lleclric.il Conduclivily (IT’) units helvvcen each use. 
The calibralion solution wa.s prepared by ililuliug 
74,55 g «>f oven - di'ietl KCI in lOOO ml ili.siilled 
water. The probe was rinsed with UiMilleil W'aler prior 
lo each Use and the maximum reading taken each 
Imio It Was iisetl. Resuhs were in TiC units 

Uesiills 

Mean smiaee water tcnifferainn s 

Throughtuu this study the mean suilaee svalci 
leniperatures in the iwo wcllaiuls showed almi»sl 
identical tremls In general, water lenipeniliires were 
higher m (he moie c.xposOil shallow ILmrock wetland 
lhari 111 (he .slightly more proieeled Li»eh Luna 
wetlaiul. The highest surface waler leniperatures m 
Baiiroek, 2S_5'^, 2S.b and 2X.4' C were recorded in 
ihe .summer ol 1004 3. corresponding iem[ioratnn's 
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in Ivuch l.una were 27.4*\ 28.5° anJ 25.3° C (Fig. 3). 
The lowest mean surface water (emperaiui'cs uerc 
10,3° C in l3anroek mid 10.2" C in Loch Luna on 18 
July 1095. 

In Hanrock the greatest range in miniimim and 
maximum water temperatures between coiiseeijlive 
Nisits was 20 ' C (15'" - 35 C) between 3 and 17 
January 1995 and Ihe grcate.st range in Loch Luna 
was 14.5^" C (IT*^ * 28.5° C) between 22 and 29 
November 1994. The monthh ranges in 
siinimcr/aiilumn were often 15° C or greater, 
whereas in winter, they were 5^^ C oi less. The least 
ililVeirnce between minimum and maximum water 
temperatures between con seen live visils in Lt^ch 
Luna Was 0.5 ’ C on 18 July 1995. 

Lock 3 Fool surface water lemperaliire 50 m 
upstream of the Bani’i^ck Station Intake in 19% was 
slightly higher than the mean temperatures in 
Banrt>ck and Loch Luna (Fig. 3). 

pH 

Hie pH values rangetl up to 9.5 (i at Batirock (27 
December 1 994) and 9.04 at l.tK’h Luna l3 January 
1 995) (Fig, 4). I.ock 3 Pool water registered a 
ma.xiimim pi I 8.(i2 on I4 Ni>vember 1 995 and a 
minimum pH 7.5 1 on 26 Decembci I995. 

Turbidity 

The shallower Banrock wetland nioslly recorded 
higher turbidity values than those of I .och Luna (Fig. 
5). Highest turbidity in Banrock was 200 NT units on 
'S and lO Oelobei 1 995 and the lowest 30 NT units on 
1 4 March mid 28 November 1995 while in Loch 
Luna the highest turbidily was 170 NT units on 5 
.September 1995 and the lowest 10 Nl' units on 14 
March 1995. Turbidily in Lock 3 Pool ranged 70 NT 
iinil.s on 14 May 1996 to 20 N'l' units on 26 
December 1995. The mixed River Murray - Darling 
walci had a turbidily v-alue of 48 N‘L miils on 9 June 
1996. 

Ctmiurfiviiy 

riio initial high condiiLlivity of 1898 EC units in 
Banrock on 3 November 1994 deei cased to 87 1 EC 
unils in 6 weeks and more slowly theiearier to 500 
EC unils by 9 June (Fig. 6). In Loch Luna the initial 
condiicliviiy of 1095 EC units on 3 November 1994 
decreased to 687 EC units on 17 Jauuaiy 1995, rose 
slightly before falling to a inininuivn value of 327 EC 
unils on 19 Seplembei 1995. Within a fonnight there 
were two sharp increases in concenlralions’ (2720 EC 
umis on 3 October 1995 and 1759 I-.C units on 31 
October) heliia-’ conductivity values dccreasctl lo 
5 11 LC units on 9 .(une 1996. 

The conductivity values of the River Murray water 
tleereased slow ly from 686 EC" unit.s on 31 Oetohei 
1995 lo 51 1 EC unils on 14 May 1996. The mixed 
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Fig. 3 ('nmparisim i»l mean surliice w ater lempcramres at 
Banrock and Locli Luna. November 1994 June 1 9% and 
Ruer Murray. October 1995' June 1996. 
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Fig. 4. pH. Banrock and Loch Lima, November 1994-Junc 
1996 imd River Murray. Ociober 1995-1 une 19%. 
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1994 June 1996 and River Murray. Oelubei PFj.'^-.lune 
1996. 




152 



A. M OLSEN 



River Murray - Darling water was 438 LC imils tm 9 
June 1996. 

Rcunjali 

Weather factors, such as heavy rain and strong 
winds, were found to influence stJine physical 
parameters in the two wetlands. The average annual 
rainfall al Barmera is 245 inni. The Barnicra rainfall 
was considered to be rcpresenUilivc of Ihe area and 
its daily ruinfall records for the 20-nionth period of 
the study showed that ruinlall was irregular with 
imermittenl occasional heavy falls of 27 mm on 4 
January 1995. 29 nun on 1 May, 53 inm on 23 
October 1995, 3S.5 mm on 2 Jaiuiarv 1996. 25 mm 
on 27-28 Fchnniry and 20.1 mni on 3-4 June 1996. 

Dissoh'tul (iniwoniii 

The pallenis (»1 dissolved ammonia (Fig. 7) were 
simihu* in both wetlands. 31ie range in Banrock was 
frimi 0.17 ingl ' on 28 November 1995 to 3.10 mgl ' 
on 7 October 1995 and in Loch Luna from 0..30 mgl ' 
on 3 January, 28 February and 31 Oeiober 1995 lu 
3.48 mgl ' on 21 Nov'cmbci 1995. 

Dissfilretf Rtariivc Nilntle (/>/\WJ 

In Banrock there were occasional high URN 
eimeenlralions, exceeding 4 mgl \ in the period 
November to March 1994-5 and again on 3 1 October 
1995 and 9 January 1996. At most other limes ORN 
v\as below detection. In Loch Luna there was high 
DRN on 17 January 1995 and between October and 
February 1995-6 there were four occasions when the 
concenlralions exceeded 4.0 ingl ' (Fie. 8). 

Jotai l^hosphatv ( 779 

riie highest I P concemraliuns avoided for Loch 
Luna were 0.95 mgl on 24 October 1995 and 0.67 
mgl ' on 19 December 1995 (Fig. 9). Al Banrock TP 
peaked at 0.7 mgl ' on 20 December 1994. On 13 
December 1994 ami on 5 March 1996 the ne.vi 
highest Banrock values were 0.6 mgl '. 1'hc mean TP 
for both wellaiuK was siinilai* al about 0..3 mgl L 



CMmobacteria 

When water sampling stnrled in Banrock on 3 
Ktivemhcr 1994 the inUil eyanitbaelcrial count was 
M cell ml' (Fig. 10). By 6 December 1994 
cyanobacteria I cells peaked in Banrock al 2480 colls 
ml ' and then ilecitned .steadily to 5 cells ml ’ l»y 28 
March. Hie second hut smaller cyanohiiciena] cell 
multipliailion in Banrock occurred u year later 
between 7 November 1995 and 9 Janmuy 1996. Cell 
numbers rose from 24 cells ml ' to a maximum of 
2300 cells ml ' before declining to 71 cells ml ' on 5 
March 1996 (Tabic 2). Three Annhm mi species svcrc 
prcdoini riant in the Banrock wetland. 

In Loch Luna between 1994 and 1995 the same 
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Fig. 6. ConJuLiiA iiy. Haiiroek and Loch Luna. Novcinlx'i 
1994'Jiine I99h and Riser Murrav. Ocluber 1995-Jiim* 
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Fig. 7. Di.ssolvcd ammonia. Banrock and Loch Luna. 
Nos'eniher 1994-Jnne 1996. 
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Fig. 9. Total phosphate. Ban rock and Lodi Luna, 
November 1994-june 1996. 
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Fig. 10. Cyanobacteria (blue green algae). Banrock and 
Loch Luna, November 1994-jLine 1996. 



tliree Aiiahacna species were predominant through 
the rise and subsequent decline of high cell 
multiplication (incipient blue green algal “bloonO, 
During November 1994 the number of 
cyanohacterial cells reached a low' of 41 cells ml ' but 
after 29 November their numbers increased rapidly 
to peak at 23,700 cells ml ' on 27 December 1994 
before declining to 97 cells ml ’ two months later 
(Fig. 10, Table I). Aiiahaeiia coiled species was 
predominant until 3 January 1995 after which 
Anahacna ciiriiialis displaced it until mid - 
February. The coiled species again became 
predominant until June 1995 w^hen all three 
Analuiena species were present in low numbers until 
late November 1995 when multiplication of 
Aiiahacna coiled species began again. This species 
peaked at 2530 cells ml ‘ in early Fehruary and a 
month later cell numbers fell to 63 cells ml * (Table 
1 ). Cell numbers rose slightly to 444 cells ml ^ on 19 
March 1996 but no cells were detected on 9 June 
1 996. 



Other cyanohacterial species identiried in the water 
samples, although occurring only in low numbers, 
w'cre Anahaenopsis elcnkini (6 December 1994 - 20 
February 1995), Aphanizonienoii sp. (22 November 
1994 - 13 June 1995, 23 January - 19 March 1996), 
OsciUatoria sp. (3 Ntwember 1994 - 18 July 1995, 9 
January - 19 March 1996). Cyliiulroxpcrmopsis 
racihor.ski, Planktotlirix spp., Arthvospira spp.. 
Microcystis aeruginosa atid Pseiuloanahacna spp. 
were identiFied from time to time. 

Discussion 

Surface water temperatures, pH, turbidity and 
conductivity levels followed similar trends in both 
Banrock and Loch Luna wetlands and were 
comparable w'ith the values recorded between 1990 - 
1993 for the eight floodplain wetlands of the River 
Murray in South Australia by Sutcr et al. (1993). 

River Munay turbidity values were highest (70 NT 
units) on 14 May 1996 and lowest (20 NT units) on 
26 December 1995. Mixed w'aters of River Murray 
and Darling River (Lock 3 Pool) registered 48 NT 
units on 9 June 1996. In the 10-year period 1978-88 
Lock 3 Pool water averaged 60 NT units (Mackay & 
Eastburn 1990), 

The high conductivity value of 1898 EC units in 
Banrock on 3 November 1994 was caused by a 
blocked inlet pipe into Banrock; w4th the clearing of 
the blockage conductivity values in one w'eek 
dropped to 1507 EC units. Turbidity in Banrock 
increased from 104 to 155 NT units between 5 and 8 
November 1994 due to turbulence from the rush of 
water following clearing of the blockage. Seven 
w'ceks for conductivity values and live weeks for 
turbidity values were required to reach equivalence 
with Loch Luna values. 

In Loch Luna conductivity levels rose from 327 to 
2720 EC units on 3 October 1995 after spring rains 
and strong runoff. At Barmera, 1 3 mm of rain fell on 
31 August, 9.6 mm on 5 September, 9.8 mm on 25 
September, 10 mm on 3 October and 53 mm on 23 
October 1995. Seiche effects in Lake Bonney and 
added runoffs caused the high conductivity water 
from Lake Bonney to How through Chambers Creek 
into Loch Luna wetland. The outward movement of 
the high conductivity water (2970 EC units) from 
Lake Bonney was traced from data recorded on 6 
October 1995 at position P01517 in Nockburra 
Creek, a tributary of Chambers Creek. Six w'eeks 
elapsed before the high conductivity water from 
Lake Bonney had been diluted to 721 EC units (14 
November 1995). 

The range of DRN concentrations in Banrock w'as 
0 - 7.9 mgl * and in Loch Lumx 0 - 7,48 mgl L The 
high registrations occuned mainly after heavy rains 
but there arc also nitrate contributions from time to 



1.^4 



A M (M Sl*.\ 



IVojii vvaici ln>in the Kivct Murni} aiivl Iroin 
;mricLiIliii;il drains, town elTliiL'nls Lind sewage 
discliarges as well as Incalised iiuinlyiK' hicakdown 
ol’ nilrogeii - fixim! blue given algat* {Antihm*n/i 
spp.i- I hero is ill! imknnwn DRN luiti iciM Inpnl IVimh 
huoo llvicks i>r pelicans (> U)(M) birds k swans, 
v ornioranls and ducks and lesser imnibcrs ol olliei 
wmer birds lesideiil in Haniuek anti Ltieh l.uiiu 
woi lands and on the banks ol ihe Kiver Murray 
Nid’ales aiv also priHlnood by lightning (Smllh 

rile liighesl Tl' level (0.b5 ingl ) recorded in Loch 
Luna oeeuired on 24 (KtobcM l‘>').S iho tlay alier .*S3 
min ol ram fell at Baimera and 5S mm al Hanrock 
Siali“i) (C^ I . K«»hilaeh peis. ctmmi. Such 

heavy rain and eonsot(ucnl rurioH cause bolLom 
ilisinrbancos in shallovs v\otlan<ls which letlisuihiiie 
dissnlvod uigame phosplioius eompomuis and 
inorganic phosplmius bouiiil lo siispeiulotl or 
disiinbed buiium uiganic paniculates in ilie water 
column, bilges cfl (tl, (l^>S5) h;oc iilso drawn 
alieiiiion to ihe nunplesiiy o(‘ehemienl relaiiMiiships 
wiihin wetlands anti the elleels of weallier liielors. 
such as wnuls and icinpcraluic, on w:iic*r chennslry 

N(» blounis ol cyanobaeferia were ol'seived in 
U.iiirot k wetland. I he mulliplicalion ol’ 
L sanubacleriiil tells in Ham nek during IVeember 
Ids* I vvas hailed by ihc increased water inllow 
lidlowiiig reinttViil id' the hli>ckage in the mici pipe, 
riif cyanobaclcria were HiisIicJ oiil fircvenling any 
fiiiiher develiipmenl ol a svanobacierial blnnni in 
Hanroek we da ml ihal yeai. 

In I.i»ch I niiti i.'yanobactorial cells leachetl a 
iiiaximiirn ol 23,700 cells ml ' on 27 December 
belore ileclining io/en> by 14 March lOOS Alter ihe 
inllapsc ol Ihe cyaiiolvK tennl popnlniion m Liicli 
Lima III December Id04.. a small bin visible blue 
green .dead bh>nin ilcvcditped tkas iisiioain in 
I ebiuaiy anil March 1005 alone the eastern b.ink ol 
Ihe River Mmr.iy adjaunu lo 1 ock 3 weir li is likely 
dial this bloom had its genesis in die November 
December L.t‘M cell mninphcaiinn m Loch Luna 
upsiieam and on die same side id the River .Mumiy. 
Small blue grCi’ii algal blooms hail occurred m ibm 
same location in jirovioiis years (I «»ck 3 stall |>cis. 

Biatvlmg <]004) reportetl Ihe oeenneiicc and 
possible cause', of a seveiv Anahm-fm (ininah\ 
bloom in Lake (.'argclligo NSW in lute 1000-0 1 
when i-ell nimihers exceedeil 100.000 cells ml ' I he 
phv-siu i-eheiincal levels in the lake in 1000 had 
laiiges close to ihc* 1 004 0 values in l.oeh Luna lor 
sviJier lempcrmuics. pll, luibitlily and comkictiviiy 
bin l••wcl maxima in coiiceiuraiions <d‘ I b aiul DUN 
iImm wei’i* h>ii|ul li»r I och I nna. ling ( 1004) 
expres-scd the mcw aNml the Lake ( argelhgo hUK>iii 
Ihal “allliHugli several uiuleilying caiisivs of this 



bloom arc piidiahle, Oie elevaled luiirioiil 
coneeniralions. especiallv <>1 total pln»sphinns. wcie 
major raclors dun t-oiilribijlcd to il*’ He drew 
aiieiuion lo Ihe I'aci ihm most physico-choinical 
sUidies of cyanobacteria blooms weic slailul allei 
die blooms bail occurred. 

In ihis study td ih<* phYsico-eheMneid prupenic’s ol 
die two vvcilands a search lor bloom - foiming n>\ii' 
cyanobiiclciia spocios was sinned bebac any cell 
inullipliealion had eoniiiicnecd anti a seasvutal 
palleni Is described, ('ynnobacterial eel Is mav 
ii'inam dormant in eoUl waters and grow best ai 
vvaiei (i*mpcraliircs exceeding 15' t . wilb opiinial 
gmwdi rales al 25 (' or higller (Kohails cN /ohaiy 
I0S5). The clleel ol walei tciiiperaluivx oti 
cyanohaclerial cell numbers in LocTi Luna is sh<»wn 
vviib data Irom Table I vs hieh show thal blooms iudy 
oeeuired heivvecn Nincmlvraiid Lehruary Nmnlvrs 
spp, lose suddenly Irom zero on 1 5 
Novembei 1994 120.1 CT lo 23,700 ml- 1 on 27 
December I0U4 124.2' C) ami ilien began Mihsidmg. 
even ilnuigh Ihe vviilei lemperalures were high, 
perhaps because of cxhaiislion of niiiricius. 

The rise and tall in cell niindicis may alsi> be 
relaled lo Ihc conct ntnUions of the two niiineiils, 
DRN nml T H recorded during the growth and decline 
ol the lOdd-.'i and lOO.S-o blue green algal ouihrciik, 
I Table I). However since Ihe eoucentialnni i?l 
dissolved reactive pliosphoiiis is nol known. Ihesc 
rtdaiionships mnsi he ueaied widi eauiion. 

riiere vveR.* Tour occasions (20 December 1994. > 
anti 31 laiui.irv 1995 and L5 \pril |995i vOieit IT 
eoiicciitralions in Loch Luna were al or above 0. Ti 
mgl ' and was present even m low 

coneeiiMuiions {T\. 2.2 mgl '). ,\Hei each ol ihcsv 

evenis there vvas a use m die numbers oT 
cyanohactcrial ccllv. In October 1995 imean 10,9 (. i 
Iheie were lour TO eoneenliiilions behveeii 0.4^ ami 

0. 95 mgl but DRN was low or absciii and no cell 
imilMphc;U 11)11 developed 

A |)aiieni related lo nutriem avadabilily and 
icmperaUifC can be seen m early 1990, Aller an 
mcTcasc lo 3190 ccll.v on 2.^ laniiary l9uo die ctdl 
lUinibers began h» vlcelinc possibly due lo very low 
eoiieenlralioiis ol I.H<N and (hielualiny value.s oT I T 
III Ihe vsaler eohimi). The eyiinobacieria ptipidaiion 
reached /cm on 14 May I99<) 'The moan vvnicr 
lomporatLiiv on ihal dale was I 'V (' which is near ihe 
minimmii lempernuue range lo» growth of many Tree 
living eyanobaeieriu species. 

I rom die data obiaincJ in this siiidy ii is siiggesu-d 
dial oiiihreaks of cyanobaeiorial bkioms ilid ii«ti 
oeeiir in ihe siiiumors uT 0)94 5 •ini.l |995*o beeaus*.' 
Ihere were uuuletjuale eoneenlrulions ol IT ami 

1. )RN ill the wulei eohimn during Ihe period ol 
lavoLirahle grow III lor cyaiiobaeleri-i Daia Irom diis 
study iiiijiuiie that I H eoueeniialion above 0.3(i mil'I ' 
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iintl |)KN cniiccnlrulion lit or above 4.0 nigl ^ in Ihe 
wetland may provide lor coniimious gmwih in the 
Atuifmrnn species. 
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